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Abstract:
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The quantum state of photons or phonons generated by individual or coupled quantum emitters in photonic or phononic cavities is a topic of increasing interest for integrated quantum technologies. The first step toward a description of the combined photonic and phononic quantum state is the measurement of spectrally resolved correlation functions, as illustrated by our recent exploration of phonon-mediated defect dynamics in electron-beam and optically excited diamond [1] and hBN [2] . Figure 1a illustrates a typical photoluminescence spectrum for an individual defect in hBN, measured at room temperature (blue) and 3.5K (red) [2] . This spectrum includes a zero-phonon line (ZPL) indicated by 0, one-phonon replicas indicated by 1 and 1', and two-phonon replicas indicated by 2. Tunable spectral filters integrated into a Hanbury Brown-Twiss interferometer were used to measure the photon correlation function g (2) jk (τ) associated with each of these spectral features (j,k=0,1,1',2), with antibunching observed for the ZPL and each of the phonon replicas, as shown in Figs. 1b-e, and strong anticorrelations between each combination of the ZPL and the three phonon replicas, as shown in Figs. 1f-k. Unlike previous explorations of optical control of single phonons in diamond that relied on Raman transitions in the absence of defects [3] , the weak electron-phonon coupling in hBN enables quasi-deterministic excitation of single phonons and the corresponding single-phonon-replica photons by excitation of single defects. In combination with these measures of photon antibunching, we use violations of the Cauchy-Schwarz inequality in two-color cross-correlation measurements to distinguish low quantum-efficiency defects from phonon replicas of bright defects. Simultaneous control over the photonic and phononic densities of states will enable control over the defect transition rates into each spectral mode illustrated in Fig. 1a , enabling photon-phonon entanglement, deterministic singlephonon sources, and acoustic quantum transducers. This has been explored in experimental measures of nonclassical correlations between Raman-scattered photons in diamond [3] , and in recent proposals centered on quantum-coherent acoustic phonon interactions [4] . We will describe ongoing experimental efforts to control defectphonon interactions based on these previous efforts at temperatures ranging from 10mK-300K. These efforts provide a critical path toward on-chip phononic and photonic quantum buses and quantum frequency conversion between visible, mid-infrared, and microwave frequencies.
